An experimental study of modified black hole algorithms by Mohammed, Suad Khairi
AN trXPERTMENTAL STL}DY OF
A{ODIFIED BLACK HOLE ALGORITHMS
SLJAD KHAIRT E{OHAM}iiED
DCCTSR *F PHILGSOPF{Y






lVe hereby declare that we have checked this thesis and in ow opinion, this thesis is





: DR ZUWAIRIE IBRAHIM
: ASSOCIATE PROFESSOR
: 15 OCTOBER 2018
(Co-supervisor' s Si gmture)
Full Name : DR FIAMDAN DANIYAL
Position : ASSOCIATE PROFESSOR





I hereby declare that th€ work in this thesis is based on my original work except for
quotations and citatioa which have beea duly acknowledged. I also declare that it haq not
been previously or concurrertly submitted for any other degree at Universiti Malaysia




: SUAD KHAIRI MOHAMMED
:PELI4002
: 10 OCTOBER 2018
AN EXPERIMENTAL STUDY OF MODIFIED BLACK HOLE ALGOzuTHMS
SUAD KHAIRI MOHAMMED
Thesis submitted in fulfillment of the requirements
for the award of the degree of
Doctor of Philosophy
(Electrical Engineering)




In the name of ALLAH, the Most Benevolent, the Most Merciful. First of all, I wish to
record immeasurable gratitude and thankful fullness to the One and The Almighty
Creator, the Lord and Sustainer of the universe, and the Mankind, in particular. It is only
through His mercy and help that this work could be completed, and it is ardently desired
that this little effort be accepted by Him to be of some service to the cause of humanity.
I would like to take this opportunity to express my gratitude to my supervisor, Associate
Professor Dr Zuwairie Bin Ibrahim, for many things. I thank him for accepting me to be
one of his students at the University Malaysia Pahang, for his suggestion on this
interesting research area, for his direct supervision, and for his continuous support during
this research. I also owe special thanks to him for carefully reading and invaluable
suggestions and corrections of the manuscripts of this thesis, his constant guidance and
encouragement.
A special thanks to University Malaysia Pahang and Faculty of Electrical and Electronic
Engineering. I do not forget to thank my co-supervisor Associate Professor Dr Hamdan
Bin Daniyal for his encouraging me. To all my friends in the "Legion of SKF", to be with
me all the time, to support me, to advise me, and for the nice and useful moments I spent
with them.
Finally, but most importantly of all, my brothers, Abdul Munem, Mohammed and Noori.
All family members, should receive my greatest appreciation for their enormous love.
They always respect what I want to do and give me their full support. Encouragement
over the years. I just want to say that I love you all very much and that dedicated this




Pengoptimuman sering diperlukan dalam pelbagai bidang penyelidikan. Sesetengah
sistem lebih sukar dioptimumkan berbanding dengan sistem yang lain. Bagi alasan ini,
banyak kaedah pengoptimuman metaheuristik telah dibangunkan dan ditambahbaik.
Salah satu kaedah pengoptimuman metaheuristik adalah algoritma Lubang Hitam (LH)
yang diinspirasikan oleh lubang hitam dalam kosmologi. Lubang hitam telah dijumpai
secara teori dalam kajian alam semesta sebagai bintang yang mempunyai jisim dan
gravity yang besar. Algoritma LH adalah kaedah berasaskan populasi yang menggunakan
lebih daripada satu ejen untuk mencari satu penyelesaian dalam satu ruang carian. Dalam
algorithma LH, ejen dengan penyelesaian terbaik membentuk lubang hitam. Jisim
terbesar diberikan kepada ejen dengan penyelesaian terbaik dan ejen-ejen lain
mengemaskini kedudukan mereka kepada ejen dengan penyelesaian terbaik. Dalam tesis
ini, adalah didapati algorithma LH mengalami penumpuan pramatang. Oleh itu, tiga
kaedah untuk mencegah penumpuan pramatang dalam algoritma LH diperkenalkan.
Kaedah pertama adalah pengenalan kepada pengendali lubang putih. Pengendali lubang
putih dicadangkan untuk mengelakkan ejen daripada menjelajahi Kawasan berhampiran
ejen yang paling teruk. Kaedah kedua adalah pelaksanaan pencarian tempatan. Akhirnya,
interaksi graviti yang merupakan intipati algoritma carian graviti, turut dibangunkan.
Seterusnya, tujuh variasi algoritma LH dibangunkan berdasarkan lubang putih, pencarian
tempatan, dan interaksi graviti. Algoritma-algorithma tersebut ialah Algoritma Lubang
Hitam Lubang Putih, Algoritma Lubang Hitam Graviti, Algoritma Lubang Hitam Lubang
Putih Graviti, Algoritma Lubang Hitam Pencarian Tempatan, Algoritma Lubang Hitam
Lubang Putih Pencarian Tempatan, Algoritma Lubang Hitam Pencarian Tempatan
Graviti, dan Algoritma Lubang Hitam Lubang Putih Pencarian Tempatan Graviti.
Algoritma-algorithma tersebut dinilai terhadap rangkap ekaragam, pelbagai ragam,
kacukan, dan rencam yang terdapat dalam rangkap tanda aras CEC2014. Tanda aras
terhadap Pengoptimuman Kerumunan Zaruh (PKZ), algoritma genetik (AG), dan
Pengoptimum Serigala Kelabu (PSK) turut dilaksanakan. Keputusan menunjukkan
bahawa kesemua variasi adalah setanding dengan PKZ danlebih baik daripada algoritma
LH yang asal. Analisis statistik menunjukkan bahawa satu variasi yang dipanggil
Algoritma Lubang Hitam Lubang Putih adalah yang terbaik kerana Algoritma Lubang
Hitam Lubang Putih jauh lebih baik daripada algoritma AG, psK, dan LH.
lll
ABSTRACT
Optimization is often required in many fields of research. Some systems are harder to
optimize compared to others. For this reason, many meta-heuristic optimization methods
have been devised and improved. One of the meta-heuristic optimization methods is
Black Hole (BH) algorithm, which is inspired by the black hole in cosmology. The black
hole has been found theoretically in the studies of the universe as a star having massive
mass and gravity. The BH algorithm is a population-based method which uses more than
one agent to find a solution in a search space. In BH algorithm, an agent with the best
solution forms a black hole. The biggest mass is given to the agent with the best solution
and other agents update their position towards the agent with the best solution. In this
thesis, it is found that the BH algorithm suffers from premature convergence. Hence, three
methods to prevent the premature convergence in BH algorithm are presented. The first
method is the introduction of white hole operator. The white hole operator is proposed to
avoid the agents from exploring the area near the worst agent. The second method is the
application of a local search. Finally, a gravitational interaction, which is the essence of
the gravitational search algorithm, is also applied. Ultimately, seven variants of BH
algorithms are established based on the white hole, local search, and gravitational
interaction. Those algorithms are Black Hole White Hole Algorithm, Gravitational Black
Hole Algorithm, Gravitational Black Hole White Hole Algorithm, Black Hole Local
Search Algorithm, Black Hole White Hole Local Search Algorithm, Gravitational Black
Hole Local Search Algorithm, and Gravitational Black Hole White Hole Local Search
Algorithm. The algorithms are evaluated based on unimodal, multimodal, hybrid, and
composite functions in CEC2014 benchmark test functions. Benchmarking with particle
swarm optimization (PSO), genetic algorithm (GA), and grey wolf optimizer (GWO) is
done as well. Results show that all the variants are as good as PSO and better than the
original BH algorithm. Statistical analysis suggests that one variant called Black Hole
White Hole algorithm is the best since the Black Hole White Hole algorithm is
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